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SUMMARY

Twoannularcliffusersof differentconicalanglesof expansion
butconstantouter-diametershavebeeninvestigatedwithrotatingflow
behinda fan. Theperformancecharacteristicshavebeendeterminedand
therotational-kinetic-energyeffectsontheover-allenergytransfor-
mationwereobservedovera rangeOY inletMachnumbersfrom0.1
to0.55andat anglesofflowup to 28°. Awide rangeofflowdistri-
butionswasencounteredas a resultof changesinoperatingconditions.
Theover-allperformanceof the8° diffuserisshownto be substantially

—

betterthanthatofa 16° diffuserunderccqarableconditionsforthe
rangeofMachnumbersandanglesofrotationtested.Regionsofmaximum
efficiencywerefoundat anglesof inflowapproximatelyequivalentto
theconicalangleof eqansionof thediffusersandagainunder
conditionsapproachingaxialflow. Sharpreductionsin efficiencywere
recordedinbothdiffusersatthemaximumvaluesof streamrotation.
Theradialpressuregradientcausedby therotationofairassisted
divergenceoftheflow;however,at theMrge anglesofrotation,an
adverseconditionresultedfromtheinflowof low-energyairwhich
inturncausedseparationofflowontheinnerwall. Therotatimal-
kinetic-ener~losswasnegligibleat thelowanglesbutbecame
appreciableatthemaximumangleforlowMachnunibers.Thislosswasgreater
forthe8° diffuser,buttheover-alLdiffuserefficienciesremained
higherthanthoseofthe16° diffuser$orcmrespondingtestconditions.

EY’PRODUCTION

Diffusersforaircraftmaybe requ+redto operatebehindfansand
turbobuperchargerswhichdischargetheflowwithconsiderablerotation
fromtheannul-us.It appearsprobablethattheaerodynamicperformance
of suchsystemswillbe stronglyinfluencedby thepresenceofthis
rotationalcomponentofflow. Of thegreatmassof diffuser~er-
formancedataavailable,relativelylittleisdirectlyapplicableto
aircraftproblemsdealingwithrotatingflows.
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Willers (reference1)in1933,exploringtheperformanceof
rectangulardiffusersforlieakingandvehtilattigapplicationreported
variationsinefficiencywithdegreeofrotation,andindicatedthe
existenceofa valueofrotationforwhichtheefficiencywasa maximum.
Peters(reference2) studiedtheperfozmancoofconicaldiffusersunder
conditionsapproachingsolid-bodyrotation.In thesee~.rimentsboth
theInletvelocityprofileandthedegreeofro@tionwerevaried
separatelywitha maximuminletMachntier ofabout0.12.Forthe
conicaldiffuserwithsolld-bodyrotationPetersconcludedthat,“Acom-
parisonwiththeefficiencyinpureaxialflowrevealsa markedincrease
as thespiralbecomesmoreintense.;’Patterson(reference3) discussed
theworkofpreviousexperimentersandconcludedthatthevortex

.-

rotationproducedbyfanstendsto improvetheefficiencyofordinary
diffuserswhentherotationissmall.

Theindependentvariablesintheflowcharacteristicsat the
.

diffuserinletsuchasthevelocityprofilesandtheturbulencefactor
havea combinedinfluenceontheenergytransformationinthediffuser.
Completeanalysisoftheindividualfactorsinfluenctigtheperformance
ofa diffuserinthistypeofflowisnotfeasiblenorisitapparent
thatthemutualInterferenceeffectswouldnotbe of greatermaguitude
thantheindividualeffects.Thecurrentresearch,therefore,was
undertakento determinethecombinedeffectofallthevariablesover
a representativerangeofoperatingconditions.”.b order.to
accomplishthis,performancemeasurementsweremadeoftwoannular
diffusers,operatinginflowsgeneratedby a representativeaxialfan.

TheinvestigationwasconductedintheLangleyinductionaero-
dynamicslaboratoryoftheNationalAdvisoryCommitteeforAeronautics
usingtwoanmular,straight-walldiffuserswithconstanto-ut~ide
diametersandwithconicalinnerbodies.Onediffuserhadan80and —
theothera 16° equivalentconfcalangleofeqansion;thearearatio
ofbothwas1.9. StreamMachnumbersrangingfromO.1to0.55anda
rangeof inletanglesofrotationfrom0° to28°wereincludedinthe
testconditions.

TheReynoldsnumbersforther~ngeofte:t::included.inthe
subJectresearchwere0.35x 106to 1.79x 10 . ThemOthOa of
calculationispresentedintheappendix. —

.

SYMBoxs

c velocityof sound,feetper6econd :

Fc compressibilityfactor -----

H totalpressure,poundspersquarefoot.,orcentimetersof
alcohol,as indicated

.
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M.

Re

●
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.

.

Machnumber..(V/c)

massflow,slugspersecond

staticpressure,yourdspersquarefootor centhaetersof
alcohol,as indicated

-c yressure,lord-spersquarefoot

Reynoldsnumber

radius

velocityofah indiffuser,feetpersecond

()

@diffuserefficiency1 - ~
&

polaranglealongcircumferenceof duct,degrees

coefficientofviscosity,slugsperfoot-second‘

densityofair,slugs~ercubicfoot ‘

angleofrotationh airflow,degrees

totalpressureloss,poundspersquarefoot

changein staticpressure,poundspersquarefoot

change in dynamic

10sscoefficient

Subscripts:

a axial

r resultant

i innerconicalbody

o outerductwall

1 inletstation

pressure,poundspersquarefoot
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ref

exitstatlm

referencestationupstreamoff~ .. -.

Baroversymbolindicatesa weightedaveragequantity.

,_

!. .-. —

APPARATUS

Thee~erfmentalequipmentusedisshowninfigures1 and2. The
equipmentconsistedprimarilyoftwoannularstraight-waildiffusersof
constantoutsidediameterandarearatio,1.9to 1,figure3. All
internazsurfaceswerefilledandpolished. —

—

Theairenteredthesetupthrougha 48-tich-diameterscreenedbell
inletto distributetheairevenlyto theanmzlus.Theairpassedthrou@
theamulustothefanandthenenteredthotestsection.A 24-blade
single-stageaxial-flowfan,reference4,wasusedto imparttherotation
to theairflow.ThebladeswereRAF6 section,hadmaxhnnnthickness

—

of 12percentofthechordandsetat 63°fromplaneofrotation.The _=
massflowofairpassingthroughthesetupwascontrolledby an

—

exhausterwhichwasconnectedto theductingat theexitoftheUffuser.

Inletandexitcross-sectionalpressuresakiiflowangleswere
measuredby a remote-controlledsurveyrakoshownInfiguresJ(a)
andh(b).Therakecontaineda total-pressuretube,a statictubeand
twoyawtubes.Allreadingswererecordedafter the rakewasaltied
with the flow. Theraketubeswereconnectedtoa multiple-tube
manometerboard.MeasurementsweremadeatWee hlet stations,
120°apeirt, and three exitstations120°apart, figure 5. In addition
to therakemeasumanentsthreeouterwallstaticsweretakenat the
inletandexitstationsonthesameplanewiththerake.

.

.

In thediffusersection,wallstaticorificeswereplacedalong
thelengthontheouterductwallandtheconicaltier bodywall. The
staticswereplacedinlinewithwe rakepositions,thereforegiving
threerowsof staticorifices(U?perrow)120°apartalongtheouter
ductwallandthreerows(13stationsperrow) of hmer-bodywall
statics12Q0apartas indicatedby figuresh(a)and5. Stagnation
air-streamtemperaturesweremeasuredinfrontofandbehindthefan
by thermocouplesconnectedto a sensitivepotentiometer+_

EmmDuRE

Thetestconditionswereestablishedby
fanspeedsata givenflowMachnumber.For

.

recordingdataat various
comparisonpuruosesthe .—

samefanspeedswereusedforeachhkchnumber;therang:o~fanspeeds .-

.-
—

.
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● deyendeduponthelimitationsofthefanmotor.Foreveryfanspeedat
a givenMachnumber,thestaticandtotalpressuresandtheangleof
rotationweremeasuredacrosstheannulusatthethreeinletandthe
threeexitmeasuringstations.Theexitconditionswerenotmeasured
at thesametimetheinletconditionswererecordedbecauserakes
installedattheinletwoulddisturbtheflowdownstream.Measurements
at theinletandexitweretakenwithreferencetothetotal pressure
behindthescreeninthebell. Intermediatewallstaticsat the
inletandexitmeasuringstationswererecordedto checktheaccuracyof
thestatic-pressuretraversingtube.Aftertheflowconditionsatboth
inletandexitstationswererecorded,photographicrecordsweremadeof
thesixlinesofwallstaticsalongtheouterductwallandtheconical
innerbodywall. Air-flowtemperatureswererecordedforeachtest
condition.

Thefollowingprocedureshavebeenusedinthereductionofdata
presentedherein:Theangleofflowhasbeenmeasuredrelativeto a
planethroughthecenterlineoftheduct.KU streampressureshave
beenmeasuredwithinstrumentationalinedwiththeflow.Meanvalues
ofangleandpressurewerecalculatedfrommass-weightedaveragesas
indicatedintheappendix.An averageofthevaluesat corresponding
pointsforthethreemeasuringstationswasusedto illustratethe
pressureandflowangledistributionsacrosstheannulusoftheduct.
Twocoefficientshavebeenusedinexpressingdiffuserperfornmnce,
onea losscoefficientbaseduponthemeaninletdynamicpressureand
theotherdiffuserenergyefficiencybaseduponthemeasureddifference
indynamicpressureattheinletandexit.

.-

LOsscoefficient. *
!lI

Diffuserener~ efficiency= 1 -~ (Seereference5 anda~pendix.)

Theexitsurveystationwaslocatedsomewhatdownstreamoftheapexof
theinnerbodyconeIna regionwherethestaticpressureapproacheda
maximumvalue-.Wallstatic–pressurespresented=e referen=~d
meaninlettotalpressure.TheReynoldsnumberwascalculated
equationpresentedintheappendixwhichemploysthehydraulic
ofah annularsection.

Theresultsof
Valuesoftotaland

RESULTSANDDISCUSSION

tothe
fromthe
diemeter

thisinvestigationaregivenintablesI andII.
staticpressureyresentedarereferencedtothe



6

totalpressure

expressedasa

calculatedfour
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upstreamofthefan. Diffuser..performancehasbeen ,.-
10sscoefficient$!i &

—
andan ener~ efficiency1 - = .-

Aq
.-

ql
theresultantandaxialcomponentsofvelocity. ——

Theperformanceofthe8° diffuserovertherangeof test
conditionsisshowninfigure6,whichshowssjotvaluesofenergy
efficiency(qr)ona fieldhavingmeanflowaggleas ordinateand
inletMachnumberasabscissa.Graphsofthe“associatedinletvelocity
distribution,presentedastheratiooflocalvelocitytomeanvelocity,
arecentereduponindividualpointsforwhich~fficiencyisgiven.The
tophorizontalllneofeachsquarerepresentstheinnerbodywalland
thelowerhorizontallinerepresentstheouterductwall. Theleft-hand
lfneofthesquareisa “O”referencelinewhiletheright-handline
denotesunity.

Althoughthesedatashowcertainirregularitiesinperformanceover
theentirefield,severaldefinitetrendscanbe established.In general
thehighestefficiencies(qr>95 yercent)occ~r@ at inletrotational
anglescloseto8° anda secondaryma* withapprox~telyaxial - r
inflow . Betweenthesetworegions,at ~ = 4°, severalvaluesof ~r on
theorderof80percentwererecorded.TheonlyeqJanationforthis
resultat 4°at thepresentis,possiblya stallcondition.Sharp
reductionsinefficiencywereako notedat veryhighrotationalangles.
.NoclearlydefinedtrendwithMachnumberat fixedanglesof inflow
couldbe established.It isnotsurprisingthattheseirregularities
shouldexistinviewofthemanyvariablesintheflowthatcould
influenceboundary-layerphenomenaandener= transformation.

Thelowefficienciesatthelargerrotationalinflowanglesmaybe
explainedinthefollowingmanner:Althoughtheradialpressuregradient
causedby therotationoftheairassiststhedivergenceoftheflow,
itseffectsarenul.lifie~by thecentripetalflowof low-energyair
whichinturninducesflowseparationon theinnerwall. Typicalcurves
oftotalandstaticpressureandflowanglearepresente~infigures7, 8,
and9 for diffuserentranceMachnumbersof0.1.and0.4._.Withincreasing
meanangleof inletflowthetotal-pressuredistributionchanged
significantly;static-pressureandflow-angledistributiononthe
contrarywereessentiallyconstantthroughouttherangeofthis
investigationforinletconditions.Thelocationofthetotal-pressure
peakscanbe correlatedwiththetheoryforthistypeof.f.lowthatthe
kineticenergyandrotationalvelocityarea maxhnumat thecenterof
theductandaresmallin comparisonnearthewbllk.Thecirculation
isassumedtobe constant-atthediffusertilet. -.

Inmanyinstallationstheflowdistributionat theexitisof con-
siderabletiportance.At a Machnumberof0.1thetotalpressuresacross

.
—

,<

—
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—
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theexit,figure7, indicateincreasinglossalongtheinnerwallas the
meaninletangleincreased,anda generalshiftingoftheflowtoward
theouterwall.At a Machnumberof0.4,largelossesintotalpressure
occurredalongbothductwallsbutwithintherangeofthesetestsno
changein generalshapeofthecurvesoccurred.Thestaticpressurein “
theexit,figure8,decreasedsmoothlyfromtheouterto theinnerwall,
themagnitudeofthedifferenceinpressureincreasingtithangle”of
inletflow.Althoughan extensiveboundary-layerinvestigationwasnot
conducted,tuftsurveysandthepressuredistributionsindicatethat
theselossesnearthewallsat thehighanglesareprobablydueto
boundary-iayerseparation.Comparisonofthecurvesofflowangleat the
inletandexit,figure9, showsa markedincreaseinrotationas theair
wassloweddown.Thiseffectindicatesthattheangularmomentumis
generallyconstemtandanyslightlossofmomentumisdueto viscous
actionas expected.Preliminaryfriction-coefficientcalculatims
indicatedthattheviscousforcesaresmall.Theincreaseinmeanangle
offlowat thelowvelocityshowninfigure9 wasaccompaniedby a
changeindistributionfromrelativelyuniformrotationintheinletto
a nonuniformgradientwithmaximumangleofflowat @e innerwallat
theexit.It isnotedthatthemaximumangleofflowandthelower
valuesoftotalandstaticyressureoccurredinthesameregion.At
inflowanglesof17.8°and28.3°themaximumanglesneartheinnerbody
wallapproached~“ whichisan addedindicationthatreversedflow
duetoboundary-layerseparationappearedat thetier bodywall.

Thestatic-pressuredistributionalongbothductwallsisshown
for Ml . O.landO.4 infigureslo(a)and10(b),respectively.The
decreasein staticpressureat thebaseoftheinnerbodyconeindicates
lbcalaccelerationoftheflow.Thedecreasingstaticpressureovera
largepartoftheconeat ~1 = 28° isa resultof increasedrotatia

andlossoftotalpressurealongtheinnerwall. Althoughtheexact
locationofflowseparationhas”notleendeterminedfor ?1 = 28°j
experinmntalinvestigationsshowedthatseparationoccurredwelJupstream
in thevicinitywherethestaticpressurebeginsto decrease.The
staticpressuresintheseplotsserveanotherfunctioninthatthey
indicatethestageofenerggtransformationinthediffuser.In
references2 and6 theauthorshaveshownthattheriseinpressure
maynotbe ccmpleteatthefinalsectionofthediffuserad the
necessityofaddingdischargeductingforcompletepressureconversion.
Thestaticpressuresinfigures10(a)and10(b)indicatethattheenergy
transformationwascompleteornew completeandthatno additional
ductingwasnecessary.Thefewwall-staticcurvesthatindicatean
incompletepressurerise.ontheplotshave,beenextra~olatedby using
thestaticpressureat theexitmeasuringstabionasam endpoint,and
theslopeofthefinalpositionoftheextrapolatedcurvesindicated
completepressureriseforallconditions.Forrotatingflowofthis
t= theneedforadditional.dischargelengthbehindthediffuser
exitisnotas criticalasforaxialflow.

,
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Theefficiencyofthe16°diffuserisshowninfigure11. Over
a largepartoftherangeoftheseteststheefficiencyvaried
between7’3percentand88percent,withmatimmg’valuesoccurringat
meaninletanglesof 2°and15°. Valuesof efficiencylessthan75per-
centwereobtainedonlyattheveryhighvaluesof inletangleorMach
number.Comparisonofthesedatawithsimilarresultsfromthe
8°diffusershowsa rangeofdifferencesinefficiencyupto 20percent,
higherefficiencyhavingbeenobtainedwiththe8°diffuser.These
differencesinefficiencymay,inpart,be causedby differencesin
inletflowdistributionat otherwisecomparableconditions.As in
thecaseofthe8°diffuserthehi@estefficienciesforthe16°diffuser
wereobtainedforan inletangleofflowappro@uatelyequivalentto
itsangleofdiffusion.Becausethe16°diffuserrequiresa large
angleofrotationtoreachitsoptimumefficiency,itsover-all
performanceisnotas efficientasa diffuserthatcanoperateat a
lowerangleofrotation,a rangewheretherotationisbeneficialto
thedivergingflow.

Typicalcurvesoftotalpressure,staticpressure,andangleacross
theinletandexitofthe16°diffuserarepresentedinfigures12,13,
and14. Inspectionofthesecurvesshowsthesametrend’s”aswere —
observedintheresultsofthe8° diffusertests.Inmakingthese
comparisonsitshould,bekeptinmindthatthe.inletandexitsurvey
stationswerethesameinbothtests,48 inchesfromtheinletstation.
Thissystemestablishedtheexitmeasuringstationat 5 tithesfromthe
smallestdiameteroftheconeforthe@ diffuserand24 inchesfor
the16°diffuser.Thestaticpressuresalongboththeinnerand
outerductwallarepresentedinfigures15{a)and15(b)_forMach
numbersof0.1and0.4. Thesecurvesbeara markeds~larityto the
curvesforthe8°diffuserbuthavehigherslopes.Thenegativeslope
ofthepressuregradientalongtheconeinthe8° diffuserisalso
observedinthe16°diffuserbutoccursfirstata somewhatlowervalue -
of inletangle.

TheefficienciesarealsopresentedintablesI andII asfunctions
oftheaxialcmponentofvelocityorthechangeof kineticener~ in
theaxialdirection.Theseefficienciesdonotchargethediffuser
withthelossofresidualrotational.energy.

A comparisonof ~r and qa showsthattherotationalenergylosses
arenegligibleforbothdiffusersforanglesofrotationupto ZD”. For
anglesgreaterthan20°therotationallossesbecomeappreciableat the
luwMachnumbers,M = 0.1and0.15.Withan increaseofMachnumber,
however,thelossesappearto decreasefora constantangleofrotation.
FortherangeofflowanglesandMachnurjberstestedthe8° diffuser
hasa higherover-allperfozmmnceconsideringeither~r orqa.
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CONCHJIKNGREMARKS

Thepresentinvestigationhasledto severaldefiniteconclusions
concerningtheperformancecharacteristicsof a conicaldiffuserofthis
typehandlingrotatingflowbehinda fanandtheinfluencingeffects
ofrotationalener~ ontheover-allenergytransformationprocess.The
over-all.performanceofthe8° diffuserwassubstan%ialdyhigherthan
thatofthe16°diffuserundershilarinflowconditionsandfor
Machnumbersthrough0.55andanglesofrotationfromOOto 280.
Regionsofhighrecoverywerefoundwithessentiallyaxialflowand
againat anangleapproximatelyequivalentto theangleof expansionof
thediffusers.Therotationalener~ lossesarenegU@ble at thesmall
anglesbutbecomemoreappreciablefobanglesgreaterthanX)”at low
Machnunibers.Therotationalener~ lossesaregreaterforsmaller
angulardiffusersoperatingat lowMachnumbersandhighanglesof
rotations5milarto thoseincludedinthisinvestigation.Becauseof
thelargeconcentrationofrotationalkineticener~ inthecenterof
theductan adversepressuregradientisestablishedinflowsnearthe
innerwall,resultinginboundary-layerseparation.In addition,it
appearsthatthebeneficialcharacteristicsofa radialpressuregradient
fordivergingflowat thelarger angles are nullifiedby theincreased
rotationalkineticenergythatisnottransformedtopressure.

LangleyAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics

LangleyAirForceBase,Va.
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AWENDIX

COMPUTATIONIROCEDUREFORWEIG3TEDAVERAGES,

EFFICIENCIES,MD REYNOLDSNuMEmR

Thaweightedtotalpressureisobtainedfromtherelationship

2s(r.

JJ
Hdm

E. 0 ‘i
2fir.

JJ’

..
am

o ri

—. ,

—

~, ~, and ~ arecd”cullatedina similarmanner.

(u .._,

(2)- ““

Thediffueerefficiencyisdeterminedby theamountofkinetic
energythatisconvertedtopotentialenergy.;Efficiencyisexpressed
as theriseofstaticpressureto the.changeofdynamicpressure.

(3)

Fromequation(3)an expressionof efficiencyisobtainedwhichis
usedinthisreport .,

iil -ii2
7r=l - E1- 62

=.
—

(4)
....

Theefficiencyqa isobtainedfromthefollowingequation:
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●
TheReynoldsnumberIsderivedfromtherelationship

--

Therefore

Re =

Hydraulic

Pvl
x Hydraulicdiameter

T

diameter. 4 xtiea ofatiulus
Wettedperimeter

foran annulardiffuser

SL

‘vl(do- di)Re=—
w
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